Comparison of 2- and 3-Dimensional Shoulder Ultrasound to Magnetic Resonance Imaging in a Community Hospital for the Detection of Supraspinatus Rotator Cuff Tears with Improved Worktime Room Efficiency  by Co, Steven et al.
Canadian Association of Radiologists Journal 63 (2012) 170e176
www.carjonline.orgMusculoskeletal Radiology / Radiologies musculo-squelettique
Comparison of 2- and 3-Dimensional Shoulder Ultrasound to Magnetic
Resonance Imaging in a Community Hospital for the Detection
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bDepartment of Diagnostic Imaging, Lions Gate Hospital, North Vancouver , British Columbia, CanadaAbstractPurpose: The purpose of this study was to evaluate whether 3-dimensional (3D) volumetric acquisition of shoulder ultrasound (US) data for
supraspinatus rotator cuff tears is as sensitive when compared with conventional 2-dimensional (2D) US and routine magnetic resonance
imaging (MRI), and whether there is improved workroom time efficiency when using the 3D technique compared with the 2D technique.
Methods: In this prospective study, 39 shoulders underwent US and MRI examination of their rotator cuff to confirm the accuracy of both the
2D and 3D techniques. The difference in sensitivities was compared by using confidence interval analysis. The mean times required to obtain
the 2D and 3D US data and to review the scans were compared by using a 1-tailed Wilcoxon test.
Results: Sensitivity and specificity of 2D US in detecting supraspinatus full- and partial-thickness tears was 100% and 96%, and 80% and
100%, respectively, and similar values were obtained with 3D US at 100% and 100%, and 90% and 96.6%, respectively. Analysis of the
confidence limits of the sensitivities showed no significant difference. The mean time ( SD) of the overall 2D examination of the shoulder,
including interpretation was 10.02  3.28 minutes, whereas, for the 3D examination, it was 7.08  0.35 minutes. Comparison between the 2
cohorts when using a 1-tailed Wilcoxon test showed a statistically significant difference (P < .05).
Conclusion: 3D US of the shoulder is as accurate as 2D US when compared with MRI for the diagnosis of full- and partial-thickness
supraspinatus rotator cuff tears, and 3D US examination significantly reduced the time between the initial scan and the radiologist inter-
pretation, ultimately improving workplace efficiency.ResumeObjectif : Determiner si l’acquisition volumetrique tridimensionnelle (3D) des donnees de l’echographie de l’epaule pour les ruptures du
tendon sus-epineux de la coiffe des rotateurs est aussi sensible que l’echographie bidimensionnelle (2D) classique et l’imagerie par resonance
magnetique (IRM) de routine, et si la technique 3D permet de reduire le temps d’examen comparativement a la technique 2D.
Methodes : Dans cette etude prospective, 39 patients ont subi une echographie et une IRM de la coiffe des rotateurs pour confirmer la
precision des techniques 2D et 3D a la fois. La difference de sensibilite a ete comparee a l’aide d’une analyse des intervalles de confiance.
Les delais moyens necessaires pour obtenir les donnees de l’echographie 2D et 3D et pour analyser les images ont ete compares a l’aide d’un
test unilateral de Wilcoxon.
Resultats : La sensibilite et la specificite de l’echographie 2D dans la detection des ruptures completes et partielles du tendons sus-epineux
etaient de 100 % et 96 %, et 80 % et 100 %, respectivement. Des valeurs semblables ont ete obtenues a l’echographie 3D, soit 100 % et
100 %, et 90 % et 96,6 %, respectivement. L’analyse des intervalles de confiance des differentes sensibilites n’a revele aucune difference
significative. Le temps moyen pour effectuer un examen 2D complet de l’epaule, y compris le temps d’interpretation, etait de 10,02 
3,28 minutes, tandis qu’il etait de 7,08  0,35 minutes pour l’examen 3D. La comparaison entre les deux cohortes au moyen d’un test
unilateral de Wilcoxon a revele une difference statistiquement significative (P < 0,05).* Address for correspondence: Simon Bicknell, MD, Department of
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171Comparison of 2- and 3-D shoulder ultrasound / Canadian Association of Radiologists Journal 63 (2012) 170e176Conclusion : L’echographie 3D de l’epaule est aussi precise que l’echographie 2D lorsqu’on la compare a l’IRM pour le diagnostic des
ruptures completes et partielles du tendon sus-epineux de la coiffe des rotateurs, et l’echographie 3D reduit de fac¸on significative le temps
entre le balayage initial et l’interpretation du radiologiste, ce qui permet de rendre le travail plus efficace.
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shoulder pain and weakness, especially in the aging pop-
ulation [1]. Technologic advances in noninvasive imaging
modalities have led to drastic improvements in the diagnosis
of rotator cuff tears. Historically, magnetic resonance
imaging (MRI) was thought to be more sensitive and
consistent at accurately portraying rotator cuff pathology, but
it comes at a higher cost and limited availability [1]. Ultra-
sonography (US) carries the advantage of being economic,
time saving, and more accessible but is operator dependent,
and it is limited in the evaluation of surrounding deep
shoulder structures. Both modalities have been successfully
used in evaluating the rotator cuff, and de Jesus et al [2]
recently showed, in a meta-analysis, that, in fact, there are
no differences between MRI and US in the diagnosis of
partial- and full-thickness rotator cuff tears.
Three-dimensional (3D) volume US has been finding its
way into daily clinical practice [3e5], and, in recent studies,
3D US has been successfully used in the assessment of
rotator cuff tears [6,7]. In addition, the added speed and
flexibility of 3D US has the potential to change the practice
of US and ultimately improve workplace efficiency [8e12].
The aims of our study were to compare the accuracy of
3D volumetric acquisition of shoulder US data and conven-
tional 2-dimensional (2D) US when using MRI as a criterion
standard and to compare the time required to perform 3D and
2D studies.
Patients and MethodsPatientsTable 1
Protocol for 2D and 3D sonographic examinations
Examination
type Conventional 2D images 3D acquisition planes
Shoulder Static images of the long head
of the biceps, subscapularis,
acromioclavicular joint, posterior
glenohumeral joint; comparison
images of supraspinatus muscles
bilaterally; additional static images
of supraspinatus and infraspinatus
in Crass and modified
Crass positions.
Conventional 2D
images obtained plus
3 or 4 sagittal oblique
sweeps of supraspinatus
and infraspinatus in
modified Crass and
Crass positions.
2D ¼ 2-dimensional; 3D ¼ 3-dimensional.In this prospective study, 49 consecutive patients under-
went examination of their shoulders for suspected rotator
cuff tears, and 5 patients had bilateral shoulder examinations
(54 shoulder examinations total). Patients were excluded
from the study if they had a previous arthroplasty or previous
rotator cuff repair. Institutional review board approval was
obtained for this study.
A total of 54 shoulders had US assessments by using both
2D and 3D techniques. These patients were invited to be
a part of the study, but not all consented. Thirty-nine patient
shoulders subsequently underwent MRI examination of the
rotator cuff, and this group of patients formed the study
cohort (2 patients had bilateral examinations). There were 22
men and 15 women. The mean age for the men was 52 years
(range, 32-86 years). The mean age for women was 55 years
(range, 27-76 years). The time between the US and the MRI1-3 weeks. All the patients who consented to the MRI
examination were told to avoid activity until the MRI
examination.US InterpretationOne sonographer-technologist with 20 years of musculo-
skeletal experience performed the traditional 2D US exam-
inations followed by the 3D volume acquisition according to
a predetermined protocol (Table 1). The time needed for the
technologist to obtain the traditional 2D images and 3D
volume sweeps was recorded (room setup and cleanup was
excluded). The examinations were performed with Logiq
9 (GE Healthcare, Milwaukee, WI) machines. Linear
9-12 mHz transducers were used.
The 2D and 3D scans were reviewed by 1 of the 2 general
radiologists (S.A. and S.B.) with 8-12 years of high-volume
US musculoskeletal experience; each had undergone
a 2-hour tutorial on the use of the 3D workstation. The radi-
ologist reviewed the 3D sweeps first, and a diagnosis was
recorded with respect to supraspinatus rotator cuff abnor-
malities (no tear, tendinosis, partial- or full-thickness tear),
and the time needed to review these sweeps was recorded. The
2D images thenwere reviewed for additional information, and,
if the diagnosis changed, then this information was recorded as
well as the overall times to review the sweeps and 2D infor-
mation combined. The radiologist then repeated the study
himself and recorded both the time spent doing the examina-
tion as well as any other changes to the diagnosis. Given the
variability in technologists’ assessment of the rotator cuff
when usingUS, it is our standard practice to repeat all shoulder
US examinations after the technologist’s assessment.
A full-thickness tear was identified as a defect in the
tendon that extended from the bursal to the articular margin.
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bursal or articular surface, or within the tendon. Secondary
signs of rotator cuff tears, although not formally analysed in
the study, were used in assisting to make the diagnosis and
included cortical irregularity and fluid in the glenohumeral
and subacromial-subdeltoid bursa, Tendinosis was diagnosed
as inhomogeneity of the tendon but only when it was thought
that anisotropy had been eliminated with proper positioning
of the insonating beam. Intratendinous calcium deposits were
diagnosed as increased echogenicity, with and without
acoustic shadowing.MRI InterpretationThe MRI examinations were reviewed independently by 2
experienced musculoskeletal radiologists (S.A. and K.R.)
who were not involved in the US component of the study.
They were blinded to the results of the US examination. The
examinations were reviewed for the presence of supra-
spinatus rotator cuff abnormalities and classified as partial-
thickness tears, full-thickness tears, tendinosis, and normal.
If there was disagreement, then the final decision was arrived
at by consensus.
All of the patients were scanned by using a 1.5 T MRI
scanner (Signa HDxt; GE Healthcare) with an 8-channel
phased-array receive-only coil. Our shoulder MRI
protocol consists of coronal-sagittal fat-suppressed oblique
fast spin-echo T2-weighted images (TR/TE [effective]
range, 3185-4100,84), with a bandwidth of more than
31 kHz to minimize blurring; sagittal and coronal fast spin-
echo T1 (500,9.4), and axial proton density (600-650, 9);
and gradient echo (600-650, 23 [in phase]), with a 30 flip
angle. The number of excitations for T1- and T2-weighted
sequences was 4, and, for the proton density and gradient
echo sequences, it was 2. The echotrain length was 2 for
T1-weighted sequences and 16 for T2-weighted sequences.
The slice thickness was 4, with no interslice gap. The field
of view was 16, and the matrix was 320  224.
Full-thickness tears were diagnosed when discontinuity of
the tendon with fluid signal intensity traversing the gap on
fast spin-echo T2 fat-suppressed images. Partial-thickness
tears were diagnosed when there was fluid signal intensity
that involved a portion of the tendon on the fast spin-echo T2
fat-suppressed images without a visible gap. Tendinosis was
diagnosed when high signal (but not fluid signal intensity)
was present within the tendon on the fast spin T2 fat-
suppressed images.Statistical AnalysisTable 2
Two-dimensional ultrasound of the shoulder compared with magnetic
resonance imaging for the diagnosis of supraspinatus rotator cuff tears
Sensitivity Specificity PPV NPV Accuracy
Full (n ¼ 12) 100% 96.3% 92.3% 100% 97.4%
Partial (n ¼ 10) 80.0% 100% 100% 93.5% 94.9%
NPV ¼ negative predictive value; PPV ¼ positive predictive value.The normality of the 2D and 3D cohorts was tested with
the Shapiro-Wilk normality test. The data were found to be
non-normal, so a 1-tailed Wilcoxon test was performed to
compare overall US mean times. Statistical significance was
considered to be P < .05. The difference in sensitivities and
specificities of both cohorts was compared by using the
confidence interval analysis.Results
Of the 54 shoulders that received 2D and 3D US exami-
nations for suspected rotator cuff tears, 39 shoulders also
received subsequent confirmatory MRI examination. A total
of 22 supraspinatus tears were identified, 12 full thickness
and 10 partial thickness. Twenty-one of the 22 supraspinatus
tears (95.5%) as diagnosed by MRI were identified on 2D US
and similarly on 3D US. Of these tears, the sensitivity and
specificity of 2D US in detecting full- and partial-thickness
tears when compared with MRI was 100% and 96%, and
80% and 100%, respectively (Table 2). Similarly, the sensi-
tivity and specificity of 3D US in detecting supraspinatus
full- and partial-thickness tears was 100% and 100%, and
90% and 96.6%, respectively (Table 3). Analysis of the
confidence limits of the sensitivities when using confidence
interval analysis showed no significant difference.
Two-dimensional US and 3D US were equally effective at
diagnosing full-thickness tears (Figure 1). On the contrary,
2D US and 3D US were equally less effective at diagnosing
partial-thickness tears. The 2D US accurately diagnosed 8 of
10 partial-thickness tears as seen on MRI missed 1 partial-
thickness articular surface tear (Figure 2), underdiagnosed
as normal and overcalled 1 partial tear as a full-thickness tear
(Figure 3). Sensitivity and specificity were found to be 80%
and 100%, respectively (Table 2). The 3D US accurately
diagnosed 9 of 10 partial-thickness tears as seen on MRI and,
similar to 2D US, missed the same partial-thickness articular
surface tear, underdiagnosed as normal (Figure 2). Sensi-
tivity and specificity were 90.0% and 96.6%, respectively
(Table 3).
Mean (SD) time of overall 2D US examination of the
shoulder, including interpretation, was 10.02  3.28 minutes.
Mean (SD) time of overall 3D US examination of the
shoulder, including interpretation, was 7.08  0.35 minutes.
Normality of the 2D and 3D cohorts was verified with the
Shapiro-Wilk normality test, and the data were found to be
non-normal. Therefore, comparison of the mean time per
patient for the 2D cohort and the 3D cohort was done by
using a 1-tailed Wilcoxon test and showed a statistically
significant difference (P < .05).Discussion
Rotator cuff injuries and tears are a common source of
shoulder pain, and rotator cuff injuries represent up to 60%
of reported shoulder pathology [13,14]. Early and accurate
diagnosis of rotator cuff tears are essential to allow for
Table 3
Three-dimensional ultrasound of the shoulder compared with magnetic
resonance imaging for the diagnosis of supraspinatus rotator cuff tears
Sensitivity Specificity PPV NPV Accuracy
Full (n ¼ 12) 100% 100% 100% 100% 100%
Partial (n ¼ 10) 90.0% 96.6% 100% 81.0% 89.7%
NPV ¼ negative predictive value; PPV ¼ positive predictive value.
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planning that can prevent functional impairment [15e18].
MRI has quickly become the modality of choice for the
perioperative evaluation of the shoulder, and successfully
detects both full- and partial-thickness tears in the rotator
cuff, with sensitivity and specificity of approximately 90%
[19e25]. However, a recent meta-analysis of 65 articles
found that magnetic resonance arthrography (MRA) is the
most sensitive and specific technique for diagnosing full- and
partial-thickness tears [2] but improves sensitivity and
specificity by only 3%-4% compared with US or MRI. MRA
remains invasive and is not a practical option, and, at our
institution, MRI continues to be our modality of choice as theFigure 1. A 56-year-old man with full-thickness, irregular supraspinatus tear. (A)
showing tear (white arrow); note the adjacent fluid in the subacrominal bursa (w
shown. (B) A 3D surface rendered image in transverse plane reconstructed from
marks the location of the supraspinatus tendon. (C) Coronal T2-weighted fast
weighted fast spin echo with fat saturation, showing tear (white arrow).criterion standard for the detection of rotator cuff pathology,
and MRA is only routinely used in the assessment for
possible labral abnormalities.
In the past decade, there has been a renewed interest and
acceptance of US evaluation of the rotator cuff because
technologic developments of high-resolution US scanners
have substantially improved the quality of US images and
diagnostic accuracy [26,27]. US and MRI are comparable in
both sensitivity and specificity in the detection of rotator cuff
tears [2]. Results of a number of studies have shown US to
have a sensitivity of 86%-100% and a specificity that varies
from 67%-98% in the detection of full-thickness rotator cuff
tears [24,27e32]. The sensitivities and specificities of US to
identify full-thickness rotator cuff tears are comparable with
those of MRI [17,24,29]; however, results of some studies
have demonstrated variable accuracy of US in diagnosing
partial-thickness tears [23e25]. In our current study of the 39
US examined shoulders that received subsequent confirma-
tory MRI examination for their rotator cuff injuries, the
sensitivities and specificities of 2D US and 3D US for full-
thickness supraspinatus tears when compared with MRISagittal oblique image from a sagitally obtained 3-dimensional (3D) volume,
hite arrowheads). The remainder of this irregular full-thickness tear is not
sagitally obtained 3D volume, showing a tear (white arrow). An asterisk (*)
spin echo with fat saturation, showing tear (white arrow). (D) Sagittal T2-
Figure 2. A 45-year-old woman with partial-thickness articular surface tear. (A) Coronal oblique image from a coronally obtained 3-dimensional volume,
showing tear (white arrow). (B) Coronal T2-weighted fast spin echo with fat saturation, showing tear (white arrow).
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respectively, for 2D, and 100% and 100%, respectively, for
3D US. For partial-thickness tears, the sensitivity of both 2D
and 3D US did decrease to 80% and 90%, respectively. Our
findings are comparable with those in the medical literature
as previously discussed above [7,17,24,29]. These findings
support our hypothesis that 3D US of the shoulder is as
accurate as 2D US when compared with MRI for the diag-
nosis of full- and partial-thickness rotator cuff tears. One
strength of this prospective study is that the possibility of
a partial-thickness tear developing into a full-thickness tear
(or developing a tear at all) after the US but before the MRI
was minimized given the narrow window between the 2
procedures and instructions given to the patient (to refrain
from activity) after the US examination.
The 3D US is a technology that involves US volume
acquisition as opposed to the single planar US slices;
therefore, the data set can be reconstructed as a planar image
in any plane required. The study by Kijima et al [6] was the
first to quantitatively demonstrate the reproducibility of 3D
US in evaluating the configuration of rotator cuff lesions with
a high concordance rate of 91.4%. Preliminary clinical trials
also have shown that rotator cuff lesions, especially partial-Figure 3. A 52-year-old man with deep partial-thickness bursal surface tear. (A) C
arrow) interpreted as full thickness. (B) Coronal T2-weighted fast spin echo witthickness rotator cuff tears, were more often correctly diag-
nosed with 3D US than with conventional 2D US, which
produced sensitivities of 100% and 91.7%, respectively [7].
In our study, US examination in both 2D and 3D missed only
one case of a partial-thickness articular surface supraspinatus
tear that was identified on MRI. Because partial tears are
more difficult to identify by US, the sweeps have to be
carefully evaluated, because very small tears can be over-
looked, especially if secondary signs are not present. In the
case that was missed on 2D and 3D US (Figure 2), the
partial-thickness tear in retrospect was indeed present on the
3D volume sweep. In addition, one case of a small partial-
thickness bursal surface supraspinatus tear was over-
diagnosed to be a full-thickness tear (Figure 3). Finally, false
positives have been reported to occur on US as US tendon
anisotropy; calcific tendonitis; complex interdigitation of
normal rotator cuff; and the rotator interval, which is nor-
mally devoid of cuff tissue, can sometimes all be mis-
interpreted as a tear [33]. None of these factors caused a false
positive in this study.
Results of several studies already have demonstrated
significant workplace efficiency when 3D US technology is
being used instead of 2D US. When applied in obstetricaloronal oblique image from a coronally obtained volume, showing tear (white
h fat saturation, showing tear (white arrow).
Table 4
Comparison of mean time (minutes) for 2D and 3D US of the shoulder for the diagnosis of supraspinatus rotator cuff tears
2D US 3D US
Technologist
analysing cuff
Technologist looking
at rest of shoulder
examination
Prelim radiologist
interpretation
Recheck by
radiologist
Technologist
analysing cuff
Technologist looking
at rest of shoulder
examination
Volume sweep
acquisition
Radiologist
interpretation
2.22 2.48 1.38 3.94 2.22 2.48 1.04 1.34
Total ¼ 10.02 Total ¼ 7.08 (P < .05)
2D ¼ 2-dimensional; 3D ¼ 3-dimensional; US ¼ ultrasound.
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3D US was found to decrease the time to perform and
interpret the examination by more than half that required
when using the 2D US method [8,10]. We previously
reported significant workroom time efficiency with 3D US
examinations being performed in 45.4% of the time required
for an equivalent 2D US examination [12]. The time savings
were predominantly incurred after scanning because the 3D
volume data sets eliminated the need for sonographers to
wait for radiologists to review their images and the need for
radiologists to scan the patients directly for confirmation.
The results of our current study reaffirms the suggestion
that 3D US may allow improvement in workroom time
efficiency when implemented into the assessment of shoulder
scans (Table 4). Despite the additional time in scanning for
the 3D technique, the time savings that occurred after the
scanning was significant enough to decrease overall work-
room time. The 3D data set eliminated the need for radiol-
ogists to directly scan the patient to confirm the findings of
the sonographers. Furthermore, in the analysis of our overall
scan times, we did not integrate additional variables (eg,
change-room time, time the sonographer spent waiting for
the radiologist to review) as those in the study by Hagel and
Bicknell [12], which spanned overall times to include the
time from the patient’s entrance into the US room to exit
from the room. Incorporating a broader overall scan time in
our study as well as decreasing the amount of time that the
technologist spends looking at the cuff in 2D would have
demonstrated a much more significant reduction in work-
room time efficiency. There may have been some bias
introduced by having the 2D examination performed first,
and, if abnormal, then the 3D sweeps could potentially be
obtained more quickly and in an easier fashion. Similarly, it
is conceivable that, after reviewing the 3D sweeps, the 2D
recheck time could potentially be quicker when using
a ‘‘targeted’’ approach. These variables were difficult to
eliminate, but we believe that the design reflects common US
laboratory practice of reviewing static 2D images followed
by any volumetric acquisitions.
Limitations of our study include that it was performed at
a single community hospital and that our results may not be
fitting to an academic institution with a higher volume of
patients with more complex findings. In addition, MRI was
used as the criterion standard for the diagnosis of supra-
spinatus rotator cuff tears rather than surgical correlation or
MRA, which would produce more accurate diagnoses of
rotator cuff lesions. This particular use, however, is notpractical at our institution, where only full-thickness tears are
repaired and MRA was considered too invasive.
A 3D US of the shoulder is as accurate as 2D US when
compared with MRI for the diagnosis of full- and partial-
thickness supraspinatus cuff tears. Both 3D and 2D US of
the shoulder are more accurate at detecting full-thickness
tears than partial-thickness tears. As a result of this study,
when a radiologist at our community hospital is presented
with a full-thickness supraspinatus tear performed with 3D
volume sweeps, the radiologist does not recheck the scan
performed by the technologist. However, because the sensi-
tivity is lower with partial-thickness tears, some of the
radiologists are rechecking these scans to ensure careful
evaluation for a more accurate diagnosis although it is
questionable about whether it will alter management. A 3D
US examination significantly reduces the time between the
initial scan to the radiologist interpretation and ultimately
improves workplace efficiency.
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